The evolution of physical, chemical and optical properties of urban aerosol particles 2 was characterized during an extremely haze episode in Beijing, PRC, from January 24 3 through January 31, 2013 based on in-situ measurements. The average mass 4 concentrations of PM 1 (particle aerodynamic diameter no more than 1 micrometer), 5 PM 2.5 (particle aerodynamic diameter no more than 1 micrometer) and PM 10 (particle 6 aerodynamic diameter no more than 1 micrometer) were 99±67μg·m -3 (average ± 7 stdev), 188±128 μg·m -3 and 265±157μg·m -3 , respectively. A significant increase in 8 PM 1-2.5 fraction was observed during the most heavily polluted period. The average 9 scattering coefficient at 550 nm was 877 Mm -1 ±624 Mm -1 . An increasing relative 10 amount of coarse particles can be deduced from the variations of backscattering ratios, 11 asymmetry parameter and scattering Ångström exponent. Particle number size 12 distributions between 14 nm-2500 nm diameter showed high number concentrations, 13 particularly in the nucleation mode and accumulation mode. Size-resolved chemical 14 composition of submicron aerosol from a High Resolution-ToF-Aerosol Mass 15
Introduction

28
Atmospheric aerosol particles play a significant role in radiation balance and climate 29 forcing through direct scattering and absorption of solar radiation (Anderson et al., 30 2003; Poschl, 2005; Ramanathan et al., 2001) . In addition, they can act as cloud 31 condensation nuclei (CCN) and thereby change the cloud albedo and lifetime (Twomey, 32 1977) . Accordingly, the radiative properties of clouds are indirectly influenced by 33 aerosol (Kaufman et al., 2005; Koren et al., 2005; Lohmann and Feichter, 2005) . 34 Furthermore, the general public has to pay special attention to atmospheric aerosol due 35 to its deleterious effect on human health and degradation of visibility (Nel, 2005; 36 Watson, 2002), which are closely related to the chemical components, morphology, 37 mixing state, size distribution and hygroscopic properties of aerosol particles. 38 Along with the rapid economic growth in China, its capital city Beijing has suffered 39 substantially from air quality deterioration and visibility degradation, though the mass 40 concentration of PM 10 has decreased in Beijing in the last ten years (Liu et al., 2015) . 41 Accompanied by frequent fog-haze days, the visibility in Beijing has decreased and strong temperature inversion (Zhang et al., 2013) . In the past decade, many 48 researches have been done to characterize the chemical and physical properties of 49 aerosol particles in Beijing and its surrounding regions. These studies mainly focused 50 on the following aspects: ; Huang et al., 2010a; Li et al., 2010; Qu et al., 2010; Wang et al., 2012a; 58 Yang et al., 2009) . 59 iii) Aerosol hygroscopic properties, number size distributions, mixing state and 60 implications for CCN activity, visibility, new particle formation, air pollution 61 and radiative forcing (Chen et al., 2012; Cheng et al., 2012; Deng et al., 2013;  62 Liu et al., 2013; Ma et al., 2012; Meier et al., 2009; Pan et al., 2009; Quan et al., 63 2011; Wehner et al., 2008; Wu et al., 2007; Zhang et al., 2011; Zhang et al., 64 2010). 65 5 The above mentioned studies, based on either long-term or short-term observations 66 provide us with comprehensive knowledge of aerosol properties on days with near 67 average aerosol concentration levels. However, only a few studies were carried out 68 under highly polluted days, and these studies mainly focus on variations of chemical 69 composition with the evaluation of synoptic conditions and planetary boundary layer 70 dynamics. (Huang et al., 2010a; Wang et al., 2012b; Zhao et al., 2013) . As we can see in Figure 1 (b), the mass ratio of PM 1 /PM 2.5 is higher than that of 133 PM 2.5 /PM 10 before January 28, indicating that PM 1 dominated the total mass. The 134 aerosol concentration increased gradually and reached the maximum values at12:00 of 135 January 29, with PM 1 , PM 2.5 and PM 10 values of 243.1μg·m -3 , 504.6μg·m -3 and 136 620.8μg·m -3 . The detailed interpretations of the high values will be presented in 137 following section. Thereafter, the aerosol concentrations decreased rapidly to a lower 138 level. The mass ratios of PM 1 /PM 2.5 and PM 2.5 /PM 10 showed opposite pattern with 139 time variation during the period, indicating a decreasing fraction of PM 1 compared 140 with PM 2.5 and an increasing fraction of PM 2.5 compared with PM 10 with increasing 141 aerosol pollution. It is worth noting that the increase of PM 1-2.5 was greatest during the 142 period January 28 to 29, as showed in Figure 1 (a). Figure S1 displays meteorological 143 parameters during the episode. During this period, the average wind speed was 2.5 144 m/s. Figure S2 shows an overview of wind rose of the local wind and the wind is shows higher values, which shows lower ones, as showed in Figure 4 . However, the 212 opposite feature occurs when the haze developed. Especially during the highest 213 pollution periods (from 28 to 30 January), higher values of b  , Å sp and lower values of 214 g  appear, which indicates an increasing fraction of relative coarse aerosol, consistent 215 with the variation pattern of PM 1 /PM 2.5 showed in Figure 1(b) . 216 12 3.3 particle number size distribution 217 The particle number-size distribution from January 25 to 31 is shown in Figure 5 (a). 218 The particle number concentration peaks at a diameter of around 100 nm. These components at about 11:00 on 28 January is observed by AMS as shown in Figure S5 . 279 The mass concentrations mainly reside on between 300nm and 1000nm in vacuum 280 diameter. This may be due to the accumulation of air pollutants under the stagnation 281 boundary layer. As we can see in figure S1 , the meteorological parameters are 282 15 characterized by calm wind, low RH and increasing temperature in the morning, 283 which leads to a stable boundary layer. Then, with increasing surface temperature and 284 PBL height, the dilution causes the aerosol concentration decreasing in the afternoon. 285 The concentrations of sulfate, ammonium and nitrate show an increasing trend from In IMPROVE algorithm, the light scattering growth due to inorganic components 335 were considered, while the contribution from organic aerosol did not take into account. 336 Then, using the highly resolution mass concentrations of sulfate containing aerosol, 337 ammonium nitrate, ammonium chloride and organic in submicron aerosol and aerosol 338 scattering growth curve, we get a relationship of scattering coefficient and aerosol 339 components and light scattering growth factor as showed in formula 9 . The fitting 340 was finished under MATLAB software (MATLAB R2010a). Figure 11 haze, the contribution of inorganic components increased as shown in Figure 11 (b) . 345 The total average light scattering contribution of each aerosol component is presented 346 in Figure 12 
